Abstract. The Scalar Field Dark Matter (SFDM) model has provided to be a very successful one to explain the large scale structure of the Universe. Nevertheless, one of the main problems of the SFDM model is the ultralight mass of the scalar field m Φ ∼ 10 −22 eV. In this work we explore a five-dimensional Universe with a special topology with the aim to explain this mass using the Randal-Sumdrum prescription for the hierarchy problem using two branes. In this model we show two limits where the branes have mutual interaction and have no interaction. We analyze the Friedmann equations and the linear corrections introduced by this model.
INTRODUCTION
The Scalar Field Dark Matter (SFDM) model has provided to be very successful model for explaining the large scale structure of the Universe [1] . The hypothesis of this model is that the dark matter of the Universe is a scalar field with mass m Φ ∼ 10 −22 eV. Of course this mass is too small and provokes a strong hierarchy problem. Nevertheless, this model has very interesting features which makes the model worth to keep studying. For example, with this mass, that means, with only one free parameter, the scalar field contains the following important features: The ultra-light scalar field mass (m Φ ∼ 10 −22 eV) fits:
(i) The evolution of the cosmological densities [2] .
(ii) The rotation curves of galaxies [5] and the central density profile of LSB galaxies [4] , (iii) With this mass, the critical mass of collapse for a real scalar field is just 10 12 M ⊙ , i.e., the one obeserved in galaxies halos [3] . (iv) The central density profile of the dark matter is flat [4] . (v) The scalar field has a natural cut off, thus the substructure in clusters of galaxies is avoided naturally.
With a scalar field mass of m Φ ∼ 10 −22 eV the amount of substructure is compatible with the observed one [6] . (vi) SFDM forms galaxies earlier than the cold dark matter model, because they form Bose-Einstein Condensates at a critical temperature T c >>TeV. So, if SFDM is right, we have to observe big galaxies at big redshifts.
In this work we present a model using two branes, where the mass of the scalar field is not too small, but the brane where we are living reads an ultralight scalar field mass, using the Randal Sundrum prescription. Recent works [8] - [15] assume that the Universe have more than the four dimensions and in fact we live in a membrane that lives in a five dimensional space time obtaining a new degree of freedom (the radion). The imposition of extra dimensions generate different behavior in the Newtonian law at long distances with the correction in the potential and solving the problem of the acceleration as a consecuence of the fifth dimension.
Particulary we porpose a model with two concentric spherical branes embedded in a five dimensional AdS-S space-time. Each brane is filled with different field with the aim of solve the problem of the dark matter. The shape of the action to model this physical structure is given by
being ± the exterior or interior region of the brane respectively, g (5) is the determinant of the fivedimensional (5D) metric and g the determinant of the four-dimensional (4D) one, m (5) is the 5D Planck mass, R (5) is the 5D scalar curvature, K is the extrinsic curvature and Λ is the 5D cosmological constant, £ + is the Lagrangian of the fields content in the exterior brane (spin zero) and £ − is the Lagrangian of the fields content in the interior brane (spin one). Following the next ideas it is possible to enumerate the next characteristics of the branes and the bulk (i) The bulk is a five dimensional AdS-S with two branes embedded and with no energy momentum tensor in the bulk T AB = 0 i.e. no fields in the bulk. (ii) The inner brane is our Universe and content the fields predicted by the standard model of particles (iii) The outer brane content a particular scalar field that behave like a dark matter [15] and imprint the gravitational well potential in the evolution of our Universe (inner brane).
With the next features it is possible to analyze when the branes have no dynamical interaction between them and with interaction. The next section analyze the behavior of this two cases in the Friedmann equations and the fields that lives in the branes.
Non interaction between the branes.
In this case we propose two concentric branes embedded in a five dimensional bulk (FIG. 1) . For simplicity the problem of each brane can be treaty in separate way in concordance with the superposition method due to the theory is linear in the same way as the electromagnetism. Generalizing the metric associated with the bulk it is possible to write
with the functions A(a) ± directly solved by the five dimensional Einstein equations. From here, we use natural units ( = c = 1).
Following the idea, it is possible to find the Friedmann equation in each brane with the junction conditions in the next way [15] (ȧ 
with ρ 1 , ρ 2 the density matter, M 1 , M 2 is the mass of each branes respectively. The constants Λ 1 , Λ 2 and Λ 3 is associated with the vacumm energy in the five dimensional space time and k (5) is the five dimensional gravitational constant. k (5) can be associated with the five dimensional Planck mass in the next way
where G (5) is the 5-dimensional Newtonian constant and M (5) is the 5-dimensional Planck mass. It is possible to observe both regimes in the Friedmann equations (2), (3) with an apropiate limit between the brane tension and the energy density of the brane.
High Energy Limit
In this scenario the Universe is very young and the corrections in the Friedmann equations (2), (3) appear when the energy density is much bigger than the brane tension ρ >> σ in the next way
and
with
where m (5) is the five dimensional Planck mass and λ is associated with the tension in the brane. This is because in the high energy limit it follows that
for simplicity we assume the ansatz M 1 = −M 2 = −M with non physical interpretation, where we impose κ 2 (4) σ ≈ λ (5) . 
Low Energy Limit
In this limit we choose that the energy density is much less than the brane tension on the brane ρ << σ, obtaining the classical Friedmann equation with corrections provided by the brane theory.
(ȧ
where m (5) is the five dimensional Planck mass and λ is associated with the tension in the brane. In the same way as before, this is because
where we impose the condition κ 2 (4) σ ≈ λ (5) .
Interaction between the branes.
In this scenario, the branes have topological interactions between them, obtaining restrictions in the matter contents of each brane. This scenario assume flat five dimensional bulk embedded in the next way
with two energy momentum tensor for each brane fixed in the orbifold at y = 0 and y = 1/2 as
If we assume that the five dimensional Einstein equations can be written as G AB = κ 2 (5) (T AB | bulk + T AB | branes ), where A, B = 0, 1, 2, 3, 4 and the energy-momentum tensor T AB | bulk is for the bulk and T AB | brane = T AB + T AB * is for the visible brane and the hidden brane respectively. Then we obtain the following constraint equations in the next way [11] 
(3p + 2ρ)n(t,
where ρ, p and ρ * , p * it is the energy density and pressure of our Universe and Hidden brane respectively. Assuming that p = ωρ and p * = ω * ρ * . If we assume linear solution to the functions a(t, y), n(t, y) and b(t, y) in the next way [11] a(t, y) = a 0 (t) (1 + λ|y|) , 
the constraint equations can be reduced as
where H is the Hubble parameter of our Universe. If H = 0 we demonstrate that ω * = ω and ρ * = −ρ, where the sign is caused by the imposition of Z 2 -symmetry. In similar way exist corrections in the Friedmann equations caused by the constraints.
The Cosmology
For our Universe, the Friedmann equation can be written in the next way [12] (ȧ
where i is for baryons, neutrinos, radiation, cosmological constant etc.. The equation of energy conservation in the visible brane can be written aṡ
For the hidden brane, the Friedmann equation can be written as [10] (ȧ
the equivalent energy conservation equation for the hidden branė
The Poisson Equation For The Hidden Brane.
It is possible to study the Poisson equation for the hidden branen in the case when the Newtonian potential it is principally influenced by the scalar field as dark matter. In a region around of a cluster of matter, is better work the Klein-Gordon equation in a spherical coordinates in the next way
where ′ indicates differentiation of r. It is well known that the solution of the above equation (25) can be written as
and the dispersion relation k 2 = ω 2 − m 2 Φ [7] . To study this case, we choose the particular solution of the equation (26) used by Bernal et al [7] in the next way 
where Φ 0 is an a constant and x = kr and ρ Φ can be written in the next way
Then the Poisson equation can be written as
in spherical coordinates
where we use the next change of variable x = rk. Now, it is possible to solve the last differential equation (30) when the Hubble parameter depend of ⃗ r and t and H only depends of t.
(i) Non dependence of the spatial variables in H. In this case, we assume that H only depends of t for simplicity, in general H depends of t and the spatial variables ⃗ r.
To solve the last equation we assume the next separation of variables
Then we obtain the next two differential equations
where
From the equation (32) it is evident that the solution is the spherical harmonics
where P m l (cosθ) are the Legendre Polynomial. For the equation 31 it is neccesary obtain a numerical solution.
(ii) Dependence of the spatial variables in H. In this general case, H depends of the spatial variables and the time, this implies that ρ has the same characteristics because H ∼ ρ. Then we obtain the same differential equation for the angular variables (33), but the equation (31) can be generalized in the next way
in similar way the last equation (34) must be integrated numerically. 
CONCLUSIONS
Braneworld theory is an exciting possibility to understand the real topology of the Universe and the fields inside of the universe we observe. As it is possible to show, the dynamic equations change with high energy corrections in the energy density, predicting new observations in the very early Universe and posible evidence in the CMB imprints in the next few year with the Planck mission. Similarly, the topological constraints caused by the imposition of higher dimensions, cause a different behavior in the fields contents in the branes. As we observe in the section III, the dynamic of the fields in the hidden brane is correlated with the evolution parameter of our Universe and the fields contents giving new dynamics. In similar way, the equations in the hidden brane change drastically when we impose interaction between them and it is related with the evolution of our universe and the field contents. Recently, new experiments (LHC, Planck satellite, etc...) could obtain evidence of the existence of higher dimensions and giving us the real behavior of the gravitation, the real topology and the dynamics of the fields that lives in the Universe.
